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(54) Optical member of silica glass for transmitting fluorine excimer laser radiation and method 
for producing the same 



(57) A method for producing an optical silica glass 
member for transmitting Fg excimer laser radiation is 
known which comprises an optical silica glass for trans- 
mitting F2 excimer laser radiation fonmed of a transpar- 
ent glass body prepared by depositing fine silica 
particles obtained by flame hydrolysis in gaseous phase 
of a compound containing silicon on a heat resistant 
base body and thereby forming a porous preform, fol- 
lowed by vitrifying the resulting porous prefonm into a 
transparent body in the temperature range of from 
1,400 to 1,500 °C. In Oder to improve the resistance 
against a Fg excimer laser radiation, it is suggested that 
the process further comprises between the production 
step of the porous preform and the vitrification step for 
obtaining the transparent glass body: a first step of per- 
forming heat treatment in a temperature range of from 
800 to 1 ,200 °C under a mixed gaseous atmosphere of 
a chlorine-containing compound and oxygen; and a 
second step of performing heat treatment for doping flu- 
orine after the first step above, in a temperature range of 
from 800 to 1 ,300 *C under a gaseous atmosphere of a 
compound containing fluorine atoms. 
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Description 

Technical Ft Id to which the Inv ntion B longs 

[0001] The present invention relates to an optical 
silica glass member favorably used as a material for 
transmitting ultraviolet laser radiation, particularly, the 
F2 excimer laser radiation 157 nm in wavelength; and it 
relates to an optical silica glass member for transmitting 
F2 excimer laser radiation suitable for optical members 
which constitute the optical system for ultraviolet radia- 
tion, such as lenses, windows, filters, beam splitters, 
photomasks, etc., that are employed in applications 
using excimer laser radiation. 

Prior Art 

[0002] Conventionally, photolithography, i.e., the 
technique of fomiing a pattern of an integrated circuit on 
a wafer by using light, is widely used in the aligners for 
producing integrated circuits, because it is economically 
advantageous as compared with other tfichniques using 
an electron beam or an X-ray. 

[0003] Recently, with an increase in the production 
of LSIs (Large Scale Integrated Circuits) with finer pat- 
terns and increased in the degree of integration, there is 
a demand for a patterning technique capable of fabricat- 
ing further finer patterns with narrower line widths in a 
technology for lithography, and light with still shorter 
wavelength is demanded for the light source. 
[0004] Aligners using i-lines 365 nm in wavelength 
capable of fabricating patterns with line widths in a 
range of from 0.4 to 0.5 jim or those using KrF excimer 
lasers 248.3 nm in wavelength capable of patterning 
lines having a line width of from 0.25 to 0.35 ^im have 
been practically used heretofore, and more recently, 
there is being developed an aligner using an ArF exci- 
mer laser emitting light 193.4 nm in wavelength, which 
is capable of patterning lines 0.13 to 0.2 ^im in line 
width. 

[0005] Furthermore, as a technology for lithography 
for the next generation to the ArF, studies are being 
made on the direct patterning technique using electron 
beams. X-ray lithography, or F2 excimer laser exposure 
technique. However, the direct patterning technique 
using electron beams and the X-ray lithography suffer 
serious technical problems on the throughput and the 
fabrication of masks, respectively. Accordingly, the F2 
excimer laser exposure technique, a technology for 
lithography utilizing light, is attracting much attention as 
an exposure technique of the next generation from the 
viewpoint that it is an extension of the similar ArF expo- 
sure technique. 

[0006] As optical materials for use in the conven- 
tional excimer lasers using KrF and ArF, there has been 
employed silica glass from the viewpoint of transmit- 
tance, resistance against laser radiation, homogeneity, 
etc., and particularly used is a synthetic silica glass of 
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high purity. A high purity silica glass exhibits high optical 
transmittance in the wavelength region for KrF and ArF, 
and the resistance against laser radiation has been suf- 
ficiently increased by the optimization of the conditions 
5 of production. Thus, optical materials suitable for KrF 
and ArF excimer laser radiation, particularly projection 
lenses using the high purity silica glass, have already 
been put into practice. 

[0007] Concerning an optical materia! for a Fg exci- 
10 mer laser, however, the conventional synthetic silica 
glasses used for KrF and ArF excimer lasers were found 
unfeasible because they cannot provide sufficiently high 
transmittance for an emission wavelength of F2 excimer 
laser as short as 157 nm. Accordingly, no optical mate- 
15 rial except fluorite (calcium fluoride) was found applica- 
ble for F2 excimer lasers, and this greatly limited the 
design of aligners. 

[0008] On the other hand, the transmittance of a sil- 
ica glass for a radiation 1 57 nm in wavelength is known 

20 to be greatly improved by doping fluorine. In JP-A-Hei4- 
19510 (the term „JP-A-„as referred herein signifies „a 
published unexamined Japanese patent application") is 
disclosed a method comprising doping a silica glass 
with fluorine to reduce or completely deprive of the 

25 absorption over a wide range of wavelength from 155 to 
400 nm attributed to structural defect, and to prevent the 
generation of structural defects from occurring even in 
case a high energy ultraviolet radiation is irradiated for a 
long duration of time. 

30 [0009] Further, in JP-A-Hei8-67530 is disclosed a 
technique for improving the stability against ArF excimer 
laser by doping silica glass with fluorine and OH groups 
for a concentration of 1 mol% or higher and 1 0 wt.-ppm 
or higher, respectively. The disclosure also shows that 

35 the transmittance for ultraviolet radiation having a wave- 
length in the vicinity of 157 nm, i.e., the wavelength 
region corresponding to the emission of F2 excimer 
lasers, is greatly improved. 

[0010] In JP-A-Hei8-75901 is further disclosed a 
40 method for producing synthetic silica glass having 
excellent transmittance for vacuum ultraviolet and 
resistance against ultraviolet radiation. The method 
comprises doping synthetic silica glass with fluorine and 
hydrogen, and, at the same time, controlling the con- 
45 centration of OH groups. 

Problems that the Invention is to Solve 

[0011] However, the resistance of a silica glass 
50 against a F2 excimer laser radiation, which is shorter in 
wavelength, cannot be improved sufficiently by adding 
fluorine, because the generation of defects that is gen- 
erated by the irradiation cannot be sufficiently control- 
led. Furthermore, in case of using the silica glass as a 
55 transmitting material with further higher precision for 
use in the radiation of F2 excimer lasers, particularly 
favorably as a member for lithography, it is necessary 
that the material not only exhibits excellent properties 
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such as high transmittance and resistance with respect 
to the laser radiation above, but also possesses, at the 
same time, the general optical properties such that it is 
free from striae (at least it is striae-free in one direction, 
and more preferably, striae-free in all of the three direc- 
tions), that it has low birefringence, and that it has high 
homogeneity (more specifically, that An is 1 x 10"^ or 
lower). 

[001 2] In particular, the presence of fluorine in silica 
glass leads to the decrease in refractive index. Thus, to 
obtain a uniform distribution in refractive index, i.e.. the 
most important property required for an optical material, 
fluorine must be incorporated in such a manner that the 
fluorine concentration should become unrfomn. Accord- 
ingly, in general, there is known, for instance, a doping 
method comprising perfomiing themnal treatment on a 
porous preform (i.e., the so-called .soot method" for 
producing synthetic quartz, which comprises preparing 
a porous silica glass body denoted as „soot body" and 
the like; in practice, the .soot body" is a body obtained 
by depositing fine particles of silica glass, but in the 
present invention, they are all denoted collectively as 
.porous preform") under a gaseous phase, or a method 
comprising introducing a fluorine compound in flame 
simultaneously with the preparation of a porous pre- 
form, etc. At any rate, it is difficult to homogeneously 
dope the porous preform with fluorine, and the final sil- 
ica glass product obtained by sintering tends to exhibit a 
large concentration gradient of fluorine. Accordingly, it is 
often the case that the sintered silica glass is greatly 
impaired in homogeneity, in other words, it shows a 
great fluctuation in the distribution of refractive index. 
[0013] Furthermore, doping of fluorine easily 
induces oxygen-deficient defects as to result in a drop in 
transmittance. This becomes a serious defect in case of 
using optical silica glass member for transmitting exci- 
mer laser radiation. Accordingly, it is necessary to suffi- 
ciently minimize the oxygen -deficient defects. 
[0014] The present inventors have studied the 
physical properties of a silica glass and the damage 
behavior upon irradiating F2 excimer laser radiation for a 
case of using F2 excimer laser for irradiating ultraviolet 
radiation. As a result, there has been found a method for 
producing silica glass suitable as a silica glass for F2 
excimer laser, which silica glass in total exhibits satis- 
factory physical properties necessary for a general use 
optical member, while maintaining high transmittance 
and resistance against lasers. The present invention 
has been accomplished based on these findings. 
[0015] That is, with an aim to use the silica glass 
above favorably as an optical silica glass for transmitting 
F2 excimer laser radiation, an object of the present 
invention is to provide an optical silica glass for transmit- 
ting excimer laser radiation, which not only maintains 
high optical transmittance and excellent resistance 
against F2 excimer laser radiation, but also is free from 
striae, and yet, maintains general optical properties 
such as high homogeneity and a low birefringence at a 
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high level. 

[0016] Another object of the present invention is to 
provide a production method of silica glass member for 
F2 excimer lasers, said silica glass member having a 

5 high resistance against lasers with respect to the irradi- 
ation of F2 excimer laser radiation, free from striae, a 
high homogeneity, and a low birefringence, yet having 
high optical transmittance for a radiation 157 nm in 
wavelength, i.e., the radiation generated by a F2 exci- 

10 mer laser. 

Means for Solving the Problems 

[001 7] As a means to solve the problems above, sil- 
75 ica glass is produced by maintaining its fluorine concen- 
tration at a predetemnined level or higher and its Si-OH 
concentration at a predetermined level or lower, and by 
applying thereto a thermal and a mechanical homogeni- 
zation treatment followed by a thermal annealing treat- 
20 ment; it has been found that there can be obtained a 
silica glass which yields satisfactory properties as 
required above. 

[0018] More specifically, various types of fluorine- 
containing synthetic silica glasses with particular inter- 
ns est on the resistance thereof against the in^diation of Fg 
excimer lasers and on the transmitting properties of F2 
excimer laser radiation have been studied. As a result, it 
has been found that, in order to obtain satisfactory char- 
acteristics as described above, the silica glass should 
30 maintain a fluorine concentration not lower than a pre- 
detennined value and a Si-OH concentration at a con- 
centration not higher than a predetermined value. More 
specifically, it has been found if the fluorine concentra- 
tion is controlled to be in a range of from 0.1 to 2.0 mol- 
35 % (ca. 320 - 6400 ppm), preferably in a range of from 
0.7 to 2.0 mol%, and the OH group concentration is con- 
trolled to be 5 wt.-ppm or less, preferably, 1 wt.-ppm or 
lower the silica glass exhibits particulariy high resist- 
ance and transmittance for F2 excimer laser radiation, 
40 under the further conditions that a pre-treatment on the 
porous prefonn is performed after fonming said porous 
preform and before vitrifying it into a transparent glass 
body comprising pre-treatment steps either simultane- 
ously or in a time sequential combination thereof, said 
45 pre-treatment steps comprise a treatment of reducing 
OH groups and a fluorine doping treatment and a treat- 
ment of removing oxygen deficient defects on the 
porous preform. 

[0019] The invention described above in accord- 
so ance with Claim 1 is based on those findings, and it 
relates to an optical silica glass for transmitting Fg exci- 
mer laser radiation, which is formed from a transparent 
glass body prepared by depositing fine silica particles 
obtained by flame hydrolysis in gaseous phase of a 
55 compound containing silicon on a heat resistant base 
body and thereby forming a porous preform, followed by 
vitrifying the resulting porous preform into a transparent 
body by heating and sintering, characterized in that the 
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fluorine concentration is controlled to be In a range of 
fronn 0.1 to 2.0 mol% and the OH group concentration is 
controlled to be 5 wt-ppm or less by performing, after 
forming said porous preform and before vitrifying it into 
a transparent glass body, a treatment for reducing OH 
groups, a treatment of removing oxygen deficient 
defects, and a fluorine doping treatment on the porous 
prefonm, either simultaneously or in a time sequential 
combination thereof. 

[0020] More specifically, the present invention com- 
prises a silica glass containing structural defects such 
as peroxy linkages (Si-O-O-Si) or dissolved oxygen 
molecules, which are oxygen-excessive type defects; 
Si-Si bonds or oxygen vacancies (Si • • Si), which are 
oxygen-deficient type defects; or OH groups, H2O, etc. 
Thus, the transmittance for radiation in the short wave- 
length region of 157 nm corresponding to the wave- 
length of the emission from the F2 excimer laser is 
thereby decreased, but the structural defects inside the 
silica glass can be terminated by doping fluorine. Then, 
the stability of the silica glass against the high energy 
ultraviolet laser radiation such as those emitted from an 
ArF excimer laser can be improved as to ameliorate the 
transmittance for light at a wavelength of 157 nm. 
[0021] However, even in such silica glasses above, 
an E' center (e-prime center) is induced by the in^dia- 
tion of an Fg excimer laser radiation, and the photo 
absorption due to the generation of the E' center affects 
the ultraviolet absorption edge as to lower the transmit- 
tance for radiation 157 nm in wavelength. It thereby 
causes a drop in laser resistance against irradiation of 
F2 excimer lasers. 

[0022] For controlling the generation of the 
E'center, it is necessary to dope fluorine in an appropri- 
ate density as well as reduce sufficienty the oxygen 
deficient defects having an absorption at 7.6 eV (163 
nm) and to perform these two steps on the porous pre- 
form. Accordingly, an amount of fluorine to be contained 
suitably from 0.1 to 2.0 mol%, and preferably from 0.7 to 
2.0 mol%. 

[0023] Furthermore, in order to suppress the gener- 
ation of oxygen deficient defects, not only an effective 
decrease in Si-OH, but also a thermal treatment is nec- 
essary to be applied to the porous prefomn described 
above under an atmosphere of a gaseous compound 
containing chlorine at a stage before performing the 
thermal treatment for doping fluorine. In particular, it is 
prefen-ed to use the gaseous compound containing 
chlorine by diluting it with gaseous oxygen. 
[0024] Conventionally, Si-OH groups have been 
believed to increase the stability of the silica glass 
against the radiation of ArF excimer lasers. However, in 
case of irradiating F2 excimer lasers, it is known that 
NBOHC (Non-Bridged Oxygen Hole Center), i.e., one of 
the induced defects, generate in the silica glass. 
Accordingly, this is presumed to be one of the causes 
for generating defects by F2 excimer laser radiation. 
Furthermore, the transmittance for a radiation 1 57 nm in 



wavelength is impaired because the Si-OH structure 
itself has an absorption band in the vacuum ultraviolet 
region. However, a thermal treatment for the complete 
removal of Si-OH in a compound gas containing chlo- 
5 rine in a high concentration leads to an easy fomnation 
of oxygen-deficient defects. 

[0025] When an oxygen-deficient defect generates, 
the transmittance for a radiation 1 57 nm in v/avelength 
is greatly affected because an absorption band appears 

10 at 7.6 eV (163 nm). Accordingly, the conditions for the 
thermal treatment must be selected as such to prevent 
the generation of oxygen-deficient defects from occur- 
ring, and, at the same time, to sufficiently enable the 
removal of Si-OH. To achieve this, the thermal treatment 

75 can be effectively perfomried by properly mixing the 
compound gas containing chlorine with gaseous oxy- 
gen. Although it is possible to remove Si-OH under a 
mixed gas of an inert gas other than oxygen and a com- 
pound gas containing chlorine, it is effective to mix oxy- 

20 gen in case of suppressing the oxygen -deficient 
defects. By employing this, it is possible to suppress the 
generation of oxygen -deficient defects while sufficiently 
removing Si-OH with an atmospheric gas containing 
chlorine. 

25 [0026] In practice, when F2 excimer laser radiation 
1 57 nm in wavelength is in-adiated to a silica glass con- 
taining OH groups at a concentration of 10 ppm or 
higher, the generation of NBOHC which yields an 
intense absorption peak was confirmed to generate at 

30 260 nm simultaneously with the generation of an E' 
center having an absorption peak at 215 nm. At the 
same time, the infrared absorption peak at a wavelength 
of 3680 cm'^ assigned to OH group was observed to 
shift to a shorter wavelength side by about 26 cm"\ and 

35 the peak intensity was decreased by about 6 %. 

[0027] These phenomena were not observed in 
case of irradiating KrF or ArF lasers. Presumably, the O- 
H bonds between Si-OH that were not affected by the 
photon energy of KrF (5.0 eV) or ArF (6.4 eV) are now 

40 cut by a high energy radiation of F2 (7.9 eV) as to gen- 
erate NBOHC. Thus, by taking the above knowledge 
into consideration, it is understood that, in order to 
obtain a practical material for transmitting F2 excimer 
lasers having favorable resistance against lasers, the 

45 content of Si-OH groups of the material should be con- 
trolled to at least 5 wt.-ppm or lower, preferably, 1 wt.- 
ppm or lower. 

[0028] The invention according to Claim 2 of the 
present invention specifies the invention described in 

50 Claim 1 in further detail, and it proposes an optical silica 
glass for transmitting F2 excimer laser radiation charac- 
terized in that the distribution of fluorine concentration of 
said transparent glass body is controlled to 0.002 mol% 
by applying thermal and mechanical homogenization 

55 treatment thereto. 

[0029] In general, the refractive index of a silica 
glass can be reduced by doping fluorine. Accordingly, to 
obtain a silica glass with high homogeneity, it becomes 
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caicial how to homogeneously dope fluorine. However, 
it is extremely difficult to homogeneously dope the 
porous prefomn with fluorine in a general fluorine doping 
treatment comprising themrial treatment to the porous 
prefomri under a controlled atmosphere, and a large dis- 
tribution in fluorine concentration is formed in the silica 
glass as a result. 

[0030] The cause of generating fluorine concentra- 
tion distribution, i.e., the non-uniformity in bulk density 
of the porous preform, the external diffusion of fluorine 
which occurs during the vitrification of the porous pre- 
form into a transparent glass, etc., can be relaxed to 
some extent by controlling the heating condition and the 
atmospheric condition of the fluorine doping treatment; 
however, it is often the case that, when those conditions 
are selected, the time necessary for the treatment 
becomes too long as to extremely impair the productiv- 
ity. Furthermore, it is still impossible to dope the preform 
with fluorine in a completely homogeneous manner. 
[0031] Moreover, the optical members that are use 
in lithography apparatuses include large ones, such as 
a lens of the aligner whose diameter exceeds a size of 
200 mm, and it is very difficult to make the fluorine con- 
centration in the silica glass homogeneous. 
[0032] Accordingly, in the invention disclosed in 
Claim 2, a secondary homogenization treatment is per- 
formed to achieve an extremely uniform distribution in 
refractive index even in case a large silica glass as 
above is treated. 

[0033] A silica glass subjected to a thermal and 
mechanical homogenization treatment as a secondary 
homogenization treatment above results in a unifonn 
fluorine concentration as to yield a flat distribution in 
refractive index, and the striae are also removed. Thus, 
a silica glass suitable for an optical member for transmit- 
ting F2 excimer laser radiation can be obtained. Since it 
is required that the distribution fluctuation in diffraction 
index for a common optical member for use in lithogra- 
phy should fall within 1x10'^ or lower, it is required that 
the distribution in fluorine concentration should be 0.002 
mol % (i.e., a fluctuation in concentration distribution of 
6 mol-ppm). 

[0034] This is the key point of the method according 
to Claim 2. 

[0035] Further, in accordance with the invention dis- 
closed in Claim 3, there is proposed an optical silica 
glass member for transmitting F2 excimer laser radia- 
tion, wherein, thermal annealing treatment is applied to 
the transparent glass body in addition to the homogeni- 
zation of fluorine concentration, and, in the gradual 
cooling step of the transparent glass body, gradual cool- 
ing is performed from the cooling initiation point to 600 
°C at a rate of 5 °C/hour or lower. In this manner, the 
birefringence at a wavelength of 633 nm is set at 0.5 
nm/cm or less. 

[0036] More speciflcally, in order to use the silica 
glass member above as an optical silica glass member 
for transmitting F2 excimer laser radiation, it is important 



to decrease the birefringence of the glass. 
[0037] For the measurement of birefringence at 
such a high precision, the birefringence S is calculated 
from the retardation (And) measured by using an ellip- 
5 someter and the like and a He-Ne laser (having a wave- 
length of 633 nm) in accordance with the following 
equation. 

S = (Andy thickness of the specimen 1 ) 

10 

[0038] The retardation (And) above is a difference 
in optical path between the ordinary light and the light 
polarized by the birefringence. Thus, in accordance with 
the equation 1) above, for instance, in case of a speci- 
15 men 5 cm in thickness and having a measured retarda- 
tion of 10 nm, the birefringence S can be calculated as 

2 nm/cm by dividing the retaliation by the thickness. 
[0039] In the case above, the retardation of 10 nm 
corresponds to 10/663 = 0.0158 X from the relation with 

20 the measured wavelength of 633 nm. A retardation 
value as such is of no problem optically, however, in 
case of a wavelength of 157 nm, the retardation 
increases to 0.063 X, i.e., a value 4 times or larger than 
the calculated value, which causes problems. 

25 [0040] Thus, because of the wavelength depend- 
ence of the optical elasticity constant, a birefringence 
for a light of 157 nm happens to give further larger bire- 
fringence for a light measured at a wavelength of 633 
nm, and it becomes a serious problem for an optical sil- 

30 ica glass member for transmitting Fg excimer laser radi- 
ation. 

[0041] In order to overcome this problem, it is pre- 
fen'ed to apply a thermal annealing treatment to the sil- 
ica glass in the gradual cooling step above to thereby 
35 decrease the birefringence. More specifically, by apply- 
ing the themrial annealing treatment according to Claim 

3 in addition to the homogenization treatment described 
in Claim 2, an optical member practically useful as an 
optical silica glass member for transmitting Fg excimer 

40 laser radiation can be obtained free from striae, with 
high homogeneity, and with small birefringence. 
[0042] Further, the invention according to Claim 4 is 
characterized in that the internal transmittance of the sil- 
ica glass is set to 70 % or higher at the Fg excimer laser- 

45 emitting wavelength of 157 nm, by applying the treat- 
ment to the porous member to lower the concentration 
of OH groups, the treatment for removing the oxygen- 
deficient defects, and the fluorine doping treatment, 
either simultaneously or in a time-sequential manner. 

so [0043] This enables providing a more stable optical 
silica glass member for transmitting Fg excimer laser 
radiation, and particularly, a substrate for photomasks 
by properiy controlling the concentration of fluorine and 
OH groups as well as the distribution of fluorine concen- 

55 tration and the oxygen-deficient defects, thereby not 
only shifting the absorption edge to the longer wave- 
length side, but also maintaining the internal transmit- 
tance to 70 % or higher at the F2 excimer laser-emitting 
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wavelength of 157 nm. 
[0044] As a further method favorable for obtaining 
an optica! silica glass nriember for transmitting F2 exci- 
mer laser radiation, there is provided an invention 
described in Claim 5. In the method for obtaining an 5 
optical silica glass member for transmitting F2 excimer 
laser radiation comprising depositing fine silica particles 
obtained by flame hydrolysis in gaseous phase of a 
compound containing silicon on a heat treatment base 
body to obtain a porous preform, vitrifying the resulting 10 
porous preform into a transparent body by heating the 
porous preform in the temperature range of from 1400 
to 1 500 °C, the method is characterized in that it further 
comprises between the production step of the porous 
prefonn and the vitrification step for obtaning the trans- 15 
parent glass body: 

a first step of perfomning heat treatment in a tem- 
perature range of from 800 to 1,200 °C under a 
mixed gaseous atmosphere of a chlorine-contain- 20 
ing compound and oxygen; and 

a second step of performing heat treatment for dop- 
ing fluorine after the first step above, in a tempera- 
ture range of from 800 to 1 ,300 °C under a gaseous 25 
atmosphere of a compound containing fluorine 
atoms. 

[0045] More specifically, in the second step above 
for the method for doping fluorine to the silica glass at a 30 
concentration as such as of a fluorine-containing silica 
glass, there is generally employed a method comprising 
adding fluorine to the porous preform under a gaseous 
atmosphere of a fluorine-containing compound while 
heating. Such method comprises using a gaseous fluo- 35 
rine compound such as SiF4, CF4, SFg, etc., which 
decomposes at high temperatures to react with the sil- 
ica glass either alone or as a mixture with an inert gas 
such as gaseous nitrogen. Ar, He, etc., or with gaseous 
oxygen, and, by properly selecting a thermal treatment 40 
condition, controlling the concentration of fluorine 
doped into silica glass. 

[0046] Furthermore, in the process step above, the 
temperature of the thermal treatment at the fluorine 
doping treatment is preferably in a range of from 800 to 45 
1300 '^C although differing depending on the size and 
the volume of the porous preform to be treated. 
[0047] If the temperature is 800 °C or lower, the 
doping of fluorine into the porous prefonm may become 
insufficient or it consumes too long process time. On the so 
other hand, at a temperature of 1300 °C or higher, there 
occurs a problem of contamination due to the impurities 
which diffuse out from the furnace material. This causes 
unfavorable effects on the transmittance, the resistance 
against lasers, etc. Otherwise, since the furnace core 55 
tube for fluorine doping treatment is made from silica 
glass, there is a fear of causing a problem of damaging 
the furnace core tube. Accordingly, a temperature of 
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1300 °C or higher is not prefen-ed. 
[0048] Since the silica glass above is produced by 
soot method, the porous preform contains hydroxyl 
groups (Si-OH groups) at a considerable amount. The 
Si-OH groups can be greatly reduced by the heat treat- 
ment performed for the fluorine doping, but still, it is 
insufficient for use as a member for transmitting F2 exci- 
mer laser radiation. In such a case, it is possible to set 
conditions suitable for the fluorine doping treatment and 
the thermal treatment for reducing Si-OH groups (Claim 
1 also includes such cases). However, if the thermal 
treatment is perfonmed under an increased concentra- 
tion and under higher temperature conditions as the 
thermal treatment conditions above, the probability of 
generating oxygen-deficient defects increases, and an 
absorption band appears at a wavelength of 163 nm to 
impair the transmittance and the resistance against Fg 
excimer lasers. 

[0049] Thus, in order to efficiently remove Si-OH 
while maintaining the high fluorine concentration, safely, 
and without generating any oxygen-deficient defects, it 
is effective to provide a Si-OH group removing step 
before the fluorine doping treatment, and performing 
themnal treatment under a mixed gas atmosphere com- 
prising oxygen and a compound containing chlorine. 
[0050] The thermal treatment above is performed, 
although differing depending on the size and the bulk 
density of the porous preform to be treated, under a 
temperature range of from 800 to 1200 °C, and by using 
a compound containing chlorine such as CI2, SiC^, 
Si(CH3)Cl3, etc., i.e., any type of compound which 
decomposes at a high temperature and undergoes 
reaction with the Si-OH groups contained in silica glass. 
[0051] The transmittance at a wavelength of 157 
nm is obtained by first measuring the apparent transmit- 
tance T inclusive of the reflection loss of a precisely pol- 
ished specimen 10 mm in thickness using a vacuum 
ultraviolet spectrophotometer, and by then calculating 
the internal transmittance Ti by taking the ratio with 
respect to the theoretical transmittance (transmittance 
exclusive of the reflection loss) To at 157 nm. 
[0052] More specifically, Ti can be obtained in 
accordance with the following equations, where R rep- 
resents the reflection index and n represents the refrac- 
tive index: 

R = (n-1)^/(n+1)^ 
To =(1 - R)^ 
Ti = T/To 

[0053] Because the refractive index of the silica 
glass containing fluorine changes depending on the flu- 
orine concentration, the internal transmittance must be 
calculated every time the refractive index is changed. 
However, it is extremely difficult to accurately measure 
the refractive index in the 1 57 nm region. Accordingly, in 
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the present invention, the refractive index of a silica 
glass containing fluorine in the concentration range of 
fronn 0.1 nnol% to 2.0 nnot% is set to be in a range of 
fronn 1 .689 to 1 .677, and the internal transmittance was 
calculated by using these values. In case of a substrate 5 
for use as a photomask, for instance, as a nnaterial for 
transnnitting F2 excinner laser radiation, the apparent 
transmittance for a thickness of 10 mm is 61.1 % or 
higher, preferably, 69.8 % or higher. 
[0054] Furthermore, in order to control the distribu- 10 
tion of the fluorine concentration described in Claim 2 to 
0.002 mol% or lower, the invention according to Claim 6 
is characterized in that a third step of removing the 
striae in at least one direction is provided, said step 
comprising performing a homogenization treatment 75 
based on a mechanical deformation force applied to the 
heated and softened transparent glass body obtained 
by the vitrification step above for obtaining the transpar- 
ent glass body. 

[0055] The homogenization treatment of the trans- 20 
parent glass body above is generally performed by hold- 
ing the body at a high temperature of 180G °G or higher 
for a long period of time in a refractory furnace, but such 
a homogenization treatment may cause a contamina- 
tion due to the impurities incorporated inside the fur- 
nace material, jigs, and the atmosphere, thereby 
causing unfavorable influences on the resistance and 
the transmittance with respect to F2 excimer laser radi- 
ation. 

[0056] Thus, it is prefen'ed to employ a homogeni- 
zation treatment using no refractory furnaces, such as 
the method described in, for instance, JP-A-Hei7- 
267662. The homogenization treatment above com- 
prises supporting the both ends in the longitudinal direc- 
tion of the transparent glass body with a supporting 
member, and while rotating the body around the axis 
connecting the both supporting ends, fonning a melting 
zone region on the synthetic silica glass ingot by using 
a burner, allowing the molten glass ingot to make out- 
ward protrusions in the molten zone by applying a pres- 40 
sure in the direction of the supporting axis, and after 
supporting the side planes with a support, applying the 
homogenization treatment in the same manner as 
above. 

[0057] The silica glass thus obtained by applying 45 
the thermal and the mechanical homogenization treat- 
ment above yields a homogeneous fluorine concentra- 
tion. Thus, the resulting product yields a flat distribution 
in refractive index while the striae are removed. Such a 
product is favorable as an optical member for F2 exci- 50 
mer lasers. Furthemnore, by changing the amount of 
treatment of the fluorine-containing transparent glass 
body to be subjected to the homogenization treatment 
and by using the molding treatment at the same time, 
silica glass members having various shapes and sizes 55 
with a flat distribution in refractive index maintained can 
be obtained. 

[0058] Further, in order to achieve the effect 



described in Claim 3, the invention according to Claim 7 
is characterized in that 

the method comprises a fourth step of thermal 
annealing treatment after the third step, said fourth 
step comprising, after heating the silica glass to a 
temperature higher than the cooling initiation point, 
perfomning gradual cooling from the cooling initia- 
tion point to 600 **C while maintaining the cooling 
rate of 5 °C/hour or lower. 

[0059] The conditions of the themnal treatment in 
the thermal annealing treatment above may be changed 
depending on the required birefringence. For instance, 
as representative conditions for achieving a birefrin- 
gence of 0.5 nm/cm or less at a wavelength of 633 nm, 
there can be mentioned setting the cooling rate to 5 
°C/hour or lower in gradual cooling from the cooling 
point (1 150 **C) in the thermal annealing step, and set- 
ting the final temperature of cooling to a temperature not 
higher than 600 °C. 



Brief Description of the Drawings 
25 [0060] 



Fig. 1 is a Table showing the characteristics of the 
specimens according to the Examples and 
Comparative Examples of the present inven- 
tion. 

Fig. 2 is a flow diagram showing the process steps 
for producing a basic optical silica glass 
member for transmitting Fg excimer laser 
radiation according to the present invention. 

Fig. 3 is a schematic diagram showing a furnace for 
use in performing dehydration treatment, flu- 
orine doping treatment, and vitrification treat- 
ment for obtaining a transparent glass body. 



30 



35 



EXAMPLES 

[0061] The present invention is described in further 
detail below by means of Examples shown in the draw- 
ings. It should be noted, however, that so long as there 
is no specific description, the sizes, the materials, the 
shapes, and the relative positions of the constituent 
components are not only limited thereto, but are pro- 
vided only for explanatory means. 
[0062] In accordance with the flow chart shown in 
Fig. 2, the process for producing an optical silica glass 
member for transmitting F2 excimer laser radiation of 
the present invention is described schematically below. 
[0063] First (SI), a compound containing silicon is 
subjected to flame hydrolysis in gas phase, and the 
obtained fine silica particles are deposited on a heat- 
resistant base to obtain a porous preform. 
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[0064] Then, the first and the second treatment 
steps described hereinafter are can'ied out before 
obtaining a transparent vitrified product by heating the 
thus obtained porous preform. 

[0065] More specifically, in S2, the porous preform 
above is subjected to a heat treatment in a temperature 
range of from 800 to 1200 *'C under a mixed gas atmos- 
phere comprising a chlorine-containing compound and 
oxygen (First step). 

[0066] In the subsequent step (S3), the preform is 
subjected to a themnal treatment in the temperature 
range of from 800 to 1300 °C under a gas atmosphere 
comprising a compound containing fluorine atoms (Sec- 
ond step). 

[0067] The porous prefomn subjected to the first 
and the second treatment steps above is then heated in 
the temperature range of from 1 400 to 1 500°C to obtain 
a transparent glass body by carrying out the treatment 
of transparent vitrification (S4). 
[0068] Then, in S5, a themnal and the mechanical 
homogenlzation treatments are applied to the thus 
obtained transparent glass body to remove the striae 
(Third step). 

[0069] In S6, the silica glass obtained after finishing 
the third step is heated to the gradual cooling point, and 
the thermal annealing treatment is applied thereto by 
cooling to the final temperature of 600 while main- 
taining the cooling rate to 5 ° C/hour or lower (Fourth 
step). 

[0070] By carrying out the procedure above, an 
optical silica glass member for transmitting F2 excimer 
laser radiation capable of achieving the object of the 
present invention can be obtained. 

Example 1 

[0071] A gaseous raw material obtained by gasify- 
ing, i.e., a silane-based gas such as methyltrimethoxysi- 
lane [CH3Si(OCH3)3], etc., is introduced into an 
oxyhydrogen flame burner, and the fine silica glass par- 
ticles generated by the flame hydrolysis reaction were 
deposited on a base 2 being rotated at a rate of 20.0 
rpm to obtain a porous prefomn 1 . The apparatus for 
producing such porous preform is known in the art. 
[0072] The porous preform 1 thus obtained in the 
present example was found to have a weight of 4800 g 
and a density of 0.302 g/crrP. 

[0073] Then, referring to Fig. 3, the porous prefomn 
1 was fixed on an elevator 6 via the base 2, and was 
moved downward inside a furnace core tube 3 sur- 
rounded by a carbon heater 4 on the outer periphery 
thereof, while introducing 0.1 liter/minute of CI2, 0.4 
liter/minute of O2, and 7.0 liter/minute of He (volume 
ratio of Cl2:02:He = 1 :4:70) from a nozzle 5 for process 
gas introduction disposed in alower end of the furnace 
core tube 3. 

[0074] Thus, the silica glass prefomn 1 was sub- 
jected to a gradual dehydration treatment (removal of 



OH groups), i.e., the first themnal treatment step, by 
heating the preform 1 to 1050 °C using a carbon heater 
4 under the aforementioned mixed gas atmosphere and 
while lowering the preform 1 at a rate of 2.5 mnn/min. 

5 [0075] Then, the inside of the furnace core tube 3 
was replaced with an inert gas to evacuate the process 
gas used in the first step, and while lowering the silica 
glass preform 1 above inside the furnace core tube 3, 
the fluorine doping treatment, i.e., the second thermal 

10 treatment step, was performed. More specifically, the 
preform was lowered at a rate of 2.5 mm/min while heat- 
ing at 1250 °C under a mixed gas atmosphere provided 
by flowing 0.4 liter/minute of SiF4 and 7.0 liter/minute of 
He (volume ratio of SiF4:He - 2:35). 

15 [0076] Then, the inside of the furnace core tube 3 
was replaced with an inert gas to evacuate the process 
gas used in the first step, and while lowering the silica 
glass prefonnn 1 above inside the furnace core tube 3 at 
a rate of 1.0 mm/minute, the transparent vitrification 

20 treatment was performed at 1480 °C under a mixed gas 
atmosphere provided by flowing 0.4 liter/minute of SiF4 
and 7.0 liter/minute of He (volume ratio of SiF4:He - 
2:35). 

[0077] The transparent glass body thus obtained 
25 was cut from the base body, and was subjected to the 
homogenlzation treatment, i.e., the third step based on 
JP-A-Hei7-267662. 

[0078] More specifically, the homogenlzation treat- 
ment comprises fixing the support members on the both 

30 ends of the longitudinal direction of the thus cut rod-like 
transparent glass body. The support members are 
attached to the chucks of a lathe, and the rod-like trans- 
parent glass body is locally heated while rotating it; 
then, via the supporting member, the thus softened mol- 

35 ten region obtained by local heating is processed by dif- 
fering the mutual direction and the number of the 
rotation. 

[0079] The rod-like silica glass is further heated and 
softened, and by compressing in the direction of the 

40 rotary axis via the supporting member, a ball-like trans- 
parent glass body is fonmed. After cutting the ball-like 
transparent glass body from the supporting member, 
the axis is rotated by 90 degrees, and the glass body is 
fixed again via the supporting member. The supporting 

45 member is attached to a pair of chucks, and while apply- 
ing rotation, the entire ball-like glass is heated by using 
a burner to soften, and the distance between the chucks 
expanded to stretch the glass along the direction of the 
second axis to obtain a rod-like transparent glass body. 

50 [0080] While rotating around the second axis 
above, the rod-like transparent glass body thus 
obtained is locally heated so that the thus softened mol- 
ten region obtained by local heating is processed by dif- 
fering the mutual direction and the number of the 

55 rotation via the supporting member. In this manner, a 
rod-like silica glass homogeneous in three directions is 
obtained. While rotating the rod-like silica glass, further 
heating and softening is performed to fonnn a molten 
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zone. Thus, by compressing in the direction of the rotary 
axis, a raw ingot of silica glass was obtained in the 
shape of a rugby ball having a diameter of about 1 30 
mm and a height of about 200 mm. 
[0081] In this manner, silica glass free from striae in 
three directions can be obtained. 
[0082] Furthermore, the synthetic silica glass thus 
subjected to homogenization treatment was maintained 
at 1 1 50 inside an electric furnace for a duration of 20 
hours, and was subjected to themnal annealing treat- 
ment corresponding to the fourth step, comprising cool- 
ing gradually to 550 °C at a cooling rate of 1 °C/hour. 
[0083] The concentrations of OH groups and fluo- 
rine, the birefringence measured at a wavelength of 633 
nm, striae, the transmittance at a wavelength of 157 nm 
before and after irradiating a F2 excimer laser radiation, 
the resistance against lasers, and the distribution in 
refractive index of the silica glass of Example 1 thus 
processed, are given in the left columns of the table pro- 
vided in Fig. 1. 

Example 2 

[0084] The process is basically the same as that 
described in Example 1 , except for the fluorine doping 
treatment step and the transparent vitrification step cor- 
responding to the second step. 
[0085] More specifically, the fluorine doping treat- 
ment step (S3) according to the present example com- 
prises lowering the prefonn at a rate of 2.5 mm/minute 
at 1 100 °C under a mixed gas atmosphere provided by 
flowing 0.05 liter/minute of SiF4 and 7.0 liter/minute of 
He (volume ratio of SiF4:He = 1 :140). 
[0086] The step of transparent vitrification (S4) was 
performed by lowering the silica glass preform inside 
the furnace core tube at a rate of 1 .0 mnn/minute and at 
1480 °C under a mixed gas atmosphere provided by 
flowing 0.05 liter/minute of SiF4 and 7.0 liter/minute of 
He (volume ratio of SiF4:He = 1:140). 
[0087] Thus, a silica glass was prepared under con- 
ditions similar to those in Example 1 . The concentra- 
tions of OH groups and fluorine, the birefringence 
measured at a wavelength of 633 nm, striae, the trans- 
mittance at a wavelength of 157 nm before and after 
irradiating a F2 excimer laser radiation, the resistance 
against lasers, and the distribution in refractive index of 
the silica glass, are given in Fig. 1 . 

Comparative Example 1 

[0088] In the present example, the treatment 
described hereinafter was performed by changing each 
of the first step, the second step, and the step of trans- 
parent vitrification from those described in Example 1. 
[0089] First, a porous preform 1 was prepared by 
subjecting a gaseous raw material obtained by gasifying 
methyltrimethoxysilane to oxyhydrogen flame hydroly- 
sis. 



[0090] The porous prefonn thus obtained was sub- 
jected to a first step (the step of removing Si-OH 
groups) by lowering the preform at a rate of 2.5 
mm/minute and at 1250 °C while flowing 7.0 liter/minute 
5 of He. 

[0091] In the subsequent second step, fluorine dop- 
ing treatment was performed by lowering the silica glass 
preform at a rate of 2.5 mm/minute and at 1250 
under a mixed gas atmosphere provided by flowing 0.2 
10 liter/minute of SiF4 and 7.0 liter/minute of He (volume 
ratio of SiF4:He = 1:35). 

[0092] In the transparent vitrification step, a trans- 
parent glass body was obtained by lowering the silica 
glass prefomn at a rate of 1 .0 mm/minute and by heating 

15 at 1480 0 under a mixed gas atmosphere provided by 
flowing 0.2 liter/minute of SiF4 and 7.0 liter/minute of He 
(volume ratio of SiF4:He = 1:35). 
[0093] Then, a homogenization treatment and a 
thermal annealing treatment were performed in the 

20 same manner as in Example 1. The concentrations of 
OH groups and fluorine, the birefringence measured at 
a wavelength of 633 nm, striae, the transmittance at a 
wavelength of 1 57 nm before and after irradiating a F2 
excimer laser radiation, the resistance against lasers, 

25 and the distribution in refractive index of the silica glass, 
are given in Fig. 1. 

Comparative Example 2 

30 [0094] In Comparative Example 2, the second step 
was omitted, and the first step, the step of transparent 
vitrification, and the fourth step were each carried out by 
changing them from those described in Example 1 . 
[0095] First, a porous preform 1 was prepared by 

35 subjecting a gaseous raw material obtained by gasifying 
methyltrimethoxysilane to oxyhydrogen flame hydroly- 
sis. 

[0096] The resulting porous preform was subjected 
to dehydration treatment by lowering it at a rate of 2.5 

40 mnn/minute and by heating at 1100 °C under a mixed 
gas atmosphere provided by flowing 0.1 liter/minute of 
CI2, 0.4 liter/minute of O2 and 7.0 liter/minute of He (vol- 
ume ratio of Cl2:02:He = 1:4:70). 
[0097] In the following step of transparent vitrifica- 

45 tion, the porous preform was lowered at a rate of 1 .0 
mnn/minute and at 1500 **C while flowing 7.0 liter/minute 
of He. 

[0098] Then, a homogenization treatment similar to 
that described in Example 1 was performed. 
50 [0099] Further, in the fourth step, the silica glass 
was maintained inside the electric furnace at 1150 °C 
for a duration of 20 hours, and then cooled to 900 **C at 
a cooling rate of 2 **C/hour. 

[0100] The concentrations of OH groups and fluo- 
55 rine, the birefringence measured at a wavelength of 633 
nm, striae, the transmittance at a wavelength of 157 nm 
before and after iradiating a F2 excimer laser radiation, 
the resistance against lasers, and the distribution in 
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refractive index of the silica glass, are given in Fig. 1. 
C mparative Example 3 

[0101] In Comparative Example 3, the first step, the 5 
temperature of heat treatment in the second step, and 
the step of transparent vitrification were each differed 
from those described in Example 1, and the fourth step 
was omitted. 

[0102] Rrst, a porous preform 1 was prepared by io 
subjecting a gaseous raw material obtained by gasifying 
methyltrimethoxysilane to oxyhydrogen flame hydroly- 
sis. 

[0103] In the first step, the resulting porous prefomn 
was subjected to dehydration treatment by lowering it at is 
a rate of 2.5 mm/minute and by heating at 1100 
under a mixed gas atmosphere provided by flowing 0.1 
liter/minute of CI2, 0.4 liter/minute of O2 and 7.01 
liter/minute of He (volume ratio of Cl2:02:He = 1:4:70). 
[0104] In the subsequent second step, fluorine dop- 20 
ing was performed by lowering the silica glass prefonn 
at a rate of 4.0 mm/minute and by heating at 1050 °C 
under a mixed gas atmosphere provided by flowing 0.05 
liter/minute of SiF4 and 7.0 liter/minute of He (volume 
ratio of SiF4:He = 1 :35). 25 
[0105] In the following step of transparent vitrifica- 
tion, the porous preform was moved downward at a rate 
of 1.0 mm/minute and at 1480 °C while flowing 0.05 
liter/minute of SiF4 and 7.0 liter/minute of He (volume 
ratio of SiF4:He = 1 :1 40). 30 
[0106] Then, a homogenization treatment similar to 
that described in Example 1 was perfomned. However, 
no thermal annealing treatment was carried out. The 
concentrations of OH groups and fluorine, the birefrin- 
gence measured at a wavelength of 633 nm, striae, the 35 
transmittance at a wavelength of 157 nm before and 
after inadiating a F2 excimer laser radiation, the resist- 
ance against lasers, and the distribution in refractive 
index of the silica glass, are given in Fig. 1 . 
[0107] The physical properties shown in Fig. 1 cor- 40 
responding to Examples 1 to 2 and Comparative Exam- 
ples 1 to 3 were obtained in accordance with the 
measuring methods described below. 



The concentration was obtained by measuring 
Raman scattering spectrum, and was calculated 
from the intensity ratio for the Si02 band of Raman 
shift at 800 cm'^ and the Si-F stretching vibration 
band at 945 cm '' in accordance with the method 
described in J. Material Sci., 28 (1993) pp. 2738 - 
2744. The equipment used was JEOL NR-1100, 
and a wavelength of 488 nm of an Ar ion laser was 
employed. 

4) Transmittance at 157 nm 

A specimen the both faces of which were pol- 
ished to the optical precision (i.e., the surface 
roughness was controlled to be 3 Angstrom or less 
in RMS value), having a diameter of 30 mm and a 
thickness of 1 0 mm, was subjected to the measure- 
ment of the apparent transmittance by using a vac- 
uum ultraviolet spectrometer. As the measuring 
instrument, a JEOL VUV-200 vacuum ultraviolet 
spectrophotometer was employed. 

5) Mesisurement of the distribution in refractive 
index 

A measurement method using a Fizeau inter- 
ferometer was employed. The distribution in refrac- 
tive index per thickness of 1 0 mm of a specimen 60 
mm in diameter and 1 0 mm in thickness was meas- 
ured by using the wavelength of a HB-Ne laser. 

6) Measurement of birefringence 

The measurement was performed at a wave- 
length of 633 nm of the He-Ne laser. As the meas- 
uring instrument, a birefringence measuring 
apparatus Model AOR-200 manufactured by Oak 
Manufacturing Co. Ltd. was employed. 

7) Striae 

The striae was confirmed visually by using a 
polarization plates under crossed nicols. 

8) Resistance against F2 excimer laser radiation 

A F2 excimer laser radiation was irradiated to 
the specimen similar to that described in item 3), 
and the vacuum ultraviolet spectra were measured 
before and after irradiation in a manner similar to 
the measurement performed in item 3). Thus, from 
the change in transmittance for a wavelength of 1 57 
nm, the resistance against laser irradiation was 
evaluated. The irradiation was performed inside a 
box purged with gaseous N2, and the laser radia- 
tion was directly irradiated to the specimen. The 
in^diation was performed under conditions of an 
energy density per pulse of 8 mJ/cm^ (3.2 W/cm^), 
at a repetition frequency of 400 Hz, and a repetition 
of in^diation of 3.5 E+5 pulses. 

[0108] To obtain a practical stability as an optical 
material, in general, the drop in transmittance at a wave- 



1) Concentration of Si-OH groups 45 

The concentration was calculated from the 
absorption intensity of the OH stretching vibration 
(wavenumber: 3670 cm'^) of Si-OH by measuring 
Fourier transform infrared absorption spectrum 
using Model 1720x spectrophotometer manufac- so 
tured by Perkin Elmer Inc. The calculation was 
made in accordance with the following equation: 

2) Concentration of OH groups (wt.-ppm) = 100 x 
(absorbance of absorption band at 3670 cm''') / ss 
thickness (cm) 

3) Concentration of fluorine 
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length of 157 nm after irradiating the F2 excimer laser 
according to the present invention for 3E+5 pulses at an 
energy density of 10 nnJ/cm^ per pulse should be 5 
points or less per thickness of 10 mnn. This is based on 
the fact that, if the transmitted energy is assumed to be 5 
0.1 nrU/cm^ in a practical use, the above value corre- 
sponds to a drop in transmittance in a range of from 
3E+7 to 3E+9 pulses. Hence, this assures a satisfactory 
durability as an exchangeable optical component. 
[0109] From the data shown in Fig. 1, it can be 10 
understood that a silica glass having excellent homoge- 
neity is obtained in Example 1, yielding a favorable 
transmittance at a wavelength of 1 57 nm and no drop in 
transmittance after irradiating the laser radiation. In 
Example 1, fluorine doping treatment was performed 15 
under an atmosphere of gaseous SiF4 to control the 
concentration of OH groups to less than 1 wt.-ppm and 
that of fluorine to 1.8 mol%, and the thermal and 
mechanical homogenization treatments are applied. 
[0110] In Example 2, the fluorine doping treatment 20 
was performed at a temperature lower and under an 
amount of gaseous SiF4 less than those used in Exam- 
ple 1 , thereby the concentration of OH groups was con- 
trolled to less than 1 wt.-ppm and that of fluorine was 
controlled to 0.2 mol%, i.e., a value lower than that used 25 
in Example 1. Thus, by applying a homogenization 
treatment similar to that employed in Example 1 , a silica 
glass having excellent homogeneity was obtained. 
[0111] The silica glass obtained in this example is 
superior t to an optical silica glass of a conventional type 30 
not subjected to fluorine doping concerning transmit- 
tance and resistance against laser radiation, but is infe- 
rior to the silica glass obtained in Example 1 . However, 
the silica glass obtained in this example is usable as a 
substrate for photomaslcs. Accordingly, the product 35 
obtained in Example 1 is more suited for lenses and the 
like. 

[0112] The glass obtained in Comparative Example 
1 was subjected to heat treatment without using gase- 
ous CI2 before doping it with fluorine, and fluorine dop- 40 
ing was performed under gaseous SiF4 atmosphere. 
Thus, the glass contains 6 ppm of residual OH groups. 
This is believed due to the gradual dehydration which 
was caused by gaseous SiF4. 

[0113] A silica glass having excellent homogeneity 45 
was obtained by applying the homogenization treatment 
and the annealing treatment to a glass, the fluorine con- 
centration of which was set at 1 .0 mol%, in a manner 
similar to those applied in Example 1. However, since 
the glass contains residual OH groups, the transmit- so 
tance at a wavelength of 1 57 nm was as low as 30 %, 
and such a low transmittance makes it unfeasible even 
as a substrate for masks. Furthermore, absorption 
peaks appeared at wavelengths of 215 nm and 260 nm 
by irradiating a laser radiation, and the transmittance 55 
was further towered. Thus, the resistance against laser 
also became poor as a result. 

[0114] The glass according to Comparative Exam- 



ple 2 was subjected to dehydration treatment using gas- 
eous CI2, but the transparent vitrification was perfomned 
without applying fluorine doping treatment, and the 
homogenization treatment and the annealing treatment 
were performed in the manner similar to that used in 
Example 1 . The concentration of OH groups was set at 
1 wt.-ppm or lower Because the glass does not contain 
any fluorine, it has oxygen-deficient defects having an 
absorption band at a wavelength of 1 63 nm, yields low 
transmittance for a light having a wavelength of 1 57 nm, 
and a considerably lowered transmittance after the irra- 
diation of laser. Furthemnore, because the cooling rate 
after annealing was set at a considerably higher rate as 
compared with that employed in Example 1 , the birefrin- 
gence was increased. 

[0115] The glass according to Comparative Exam- 
ple 3 was subjected to dehydration treatment by using 
gaseous CI2, but the fluorine doping was perfomned 
under a lower flow rate of gaseous SiF4, a tower tem- 
perature, a higher rate of moving the glass downward at 
heating, and perfomning transparent vitrification under a 
lower flow rate of gaseous SiF4. The concentration of 
OH groups is 1 wt.-ppm or lower, but the concentration 
of fluorine was set as low as 0.05 mol%. Furthermore, 
no homogenization treatment nor annealing treatment 
was performed. Because the glass contains trace 
amount of fluorine, it Is not always true that the transmit- 
tance and the resistance against laser are poor, but it 
was found that the glass contained striae, that the bire- 
fringence was high, and that the distribution in refractive 
index was unfavorable. 

[01 1 6] Thus, it makes it unfeasible to pattern lines in 
the sub-micron units, and it becomes extremely difficult 
to form glasses exceeding a diameter size of 200 mm. 

Effect of the Invention 

[0117] In accordance with the optical silica glass of 
the present invention, the concentrations of fluorine and 
Si-OH are controlled and a thermal annealing treatment 
and a homogenization treatment are incorporated. 
Thus, the present invention enables a silica glass hav- 
ing totally satisfactory optical characteristics; i.e., the sil- 
ica glass has high optical transmittance and excellent 
resistance against laser radiation, is free from striae, 
and yet, has a low birefringence and is highly homoge- 
neous. Accordingly, the silica glass can be effectively 
used as an optical silica glass member for transmitting 
Fg excimer laser radiation. 

Claims 

1 , An optical silica glass member for transmitting F2 
excimer laser radiation which comprises an optical 
silica glass for transmitting F2 excimer laser radia- 
tion formed of a transparent glass body prepared by 
depositing fine silica particles obtained by flame 
hydrolysis in gaseous phase of a compound con- 
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taining silicon on a heat resistant base body and 
thereby forming a porous preform, followed by vitri- 
fying the resulting porous preform into a transpar- 
ent body, wherein the fluorine concentration is 
controlled to be in a range of from 0.1 to 2.0 mol-% 5 
and the OH group concentration is controlled to be 
5 wt.-ppm or less by perfonning, after forming said 
porous preform and before vitrifying it into a trans- 
parent glass body a pre-treatment on the porous 
preform comprising pretreatment steps either /o 
simultaneously or in a time sequential combination 
thereof, said pre-treatment steps comprise a treat- 
ment of reducing OH groups and a fluorine doping 
treatment and a treatment of removing oxygen defi- 
cient defects on the porous prefomri. 15 

2. An optical silica glass member for transmitting F2 
excimer laser radiation as claimed in claim 1, 
wherein the fluorine concentration distribution is 
controlled to be 0.002 mol% or less by applying 20 
thermal and mechanical homogenization treatment 

to the transparent glass body above. 

3. An optical silica glass member for transmitting F2 
excimer laser radiation as claimed in claim 1 or 2, 25 
wherein, the birefringence at a wavelength of 633 

nm is controlled to be 0.5 nm/cm or lower by apply- 
ing thermal annealing treatment to the transparent 
glass body, and by performing gradual cooling from 
the cooling initiation point to 600 °C at a rate of 5 30 
°C/hour or tower in the gradual cooling step thereof. 

4. An optical silica glass member for transmitting F2 
excimer laser radiation as claimed in one of claims 

1 , 2, or 3, wherein, the internal transmittance for the 35 
?2 excimer laser generation wavelength of 1 57 nm 
is controlled to be 70 % or higher by applying a 
treatment of reducing OH groups, a treatment of 
removing oxygen deficient defects, and a fluorine 
doping treatment to the porous preform, either 40 
simultaneously or in a time sequential combination 
thereof. 

5. A method for producing an optical silica glass mem- 
ber for transmitting F2 excimer laser radiation which 45 
comprises an optical silica glass for transmitting F2 
excimer laser radiation formed of a transparent 
glass body prepared by depositing fine silica parti- 
cles obtained by flame hydrolysis in gaseous phase 

of a compound containing silicon on a heat resist- so 
ant base body and thereby forming a porous pre- 
form, followed by vitrifying the resulting porous 
preform into a transparent body in the temperature 
range of from 1 ,400 to 1 ,500 **C, wherein the proc- 
ess further comprises between the production step 55 
of the porous preform and the vitrification step for 
obtaining the transparent glass body: a first step of 
performing heat treatment in a temperature range 



of from 800 to 1,200 °C under a mixed gaseous 
atmosphere of a chlorine-containing compound 
and oxygen; and a second step of performing heat 
treatment for doping fluorine after the first step 
above, in a temperature range of from 800 to 1 ,300 
^'C under a gaseous atmosphere of a compound 
containing fluorine atoms. 

6. A method for producing an optical silica glass mem- 
ber for transmitting F2 excimer laser radiation as 
claimed in claim 5, wherein a third step of removing 
the striae in at least one direction is provided, said 
step comprising performing a homogenization 
treatment based on a mechanical deformation force 
applied to the heated and softened transparent 
glass body obtained by said vitrification step for 
obtaining the transparent body. 

7, A method for producing an optical silica glass mem- 
ber for transmitting F2 excimer laser radiation as 
claimed in claim 6, wherein a fourth step of thermal 
annealing treatment is provided after the third step, 
said fourth step comprising, after heating said 
transparent glass body to a temperature higher 
than the cooling initiation point, performing gradual 
cooling from the cooling initiation point to 600 °C 
while maintaining the cooling rate of 5 °C/hour or 
lower. 
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